In this work, we present a durable and miniaturized photonic lab on a chip (PhLOC) integrating functionalized silk fibroin pads for optical glucose quantification in whole blood samples. The PhLOC consists of a poly(methyl methacrylate) (PMMA) disposable structure for the pad holding and a coupling system for commercial optic fibers connection. The silk matrix, together with the PMMA design, has the capability to separate the plasma from the cell fraction of whole blood by plasma diffusion into the silk, minimizing the absorbance interferences from the hemoglobin of the erythrocytes. Then, the enzymes present in the matrix react with the glucose in the sample and produce a color change in an amplified process where the analyte-mediatormatrix interacts sequentially, increasing the common signal from the oxidized mediator (2 fold). The sensor works in the adequate linear range to distinguish between healthy and unhealthy glucose levels (0 to 12 mM), with a sensitivity of 0.084 a.u. mM −1 , a limit of detection of 0.18 mM and a limit of quantification of 1.44 mM. Furthermore, durability of the sensor is remarkable, maintaining its response unchangeable during the first 7 months of tests.
Introduction
The field of commercial point of care tests for glucose monitoring in blood is widely covered with the glucose test strips for electrochemical measuring. Colorimetric analysis in this case is poor developed, while in other tests (pH, pregnancy, lead acetate) is commonly used. This aspect is logic as blood has a strong red color due to the presence of hemoglobin, what suppose an important interference. To prevent this, cellulose is commonly employed to filter the sample, but also to manage the fluidics and retain the interactive elements (i.e., lateral flow tests). In this work, we replace cellulose with silk fibroin to provide, besides capillary pumping, and blood filtering, the possibility to immobilize enzymes and mediator inside the matrix and measure optically through it due to its high transparency.
Materials and Methods
For the extraction and purification of the silk fibroin [1] , cocoons of Bombyx mori, obtained from silkworms reared in the sericulture facilities of the IMIDA (Murcia, Spain), were chopped in 4 or 5 pieces and boiled in 0.02 M Na2CO3 for 30 min to remove the glue-like sericin proteins. Then, raw fibroin was rinsed thoroughly with water and dried at room temperature for 3 days. The extracted fibroin was dissolved in 9.3 M LiBr (Sigma Aldrich, Saint Louis, MO, USA) for 3 h at 60 °C to generate a 20% w/v solution that was dialyzed against distilled water for 3 days (Snakeskin Dialysis Tubing 3.5 kDa MWCO, Thermo Scientific, Waltham, MA, USA) with eight total water exchanges. The resulting 7-8% w/v fibroin solution was stored at 4 °C until the preparation of films.
The functionalized silk fibroin films were prepared dissolving different amounts of glucose oxidase (GOx), horseradish peroxidase (HRP) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) (all from Sigma Aldrich (Saint Louis, MO, USA)) in the 7% w/v aqueous silk fibroin solution and then cast into Petri dishes of 51 mm. The silk fibroin was dried and exposed to 0.8 bar atmosphere with high humidity during 12 h to obtain water annealed thin films of 10 µm.
The PMMA sample carrier was constructed layer-by-layer cutting 0.5 mm PMMA layers (Good Fellow) by CO2 laser ablation (Epilog mini 24) and joining them with pressure sensitive adhesive (PSA) sheets. The functionalized silk fibroin layer was cut in 4 mm diameter circular pads and introduced in the carrier.
For the measurements, 4 µL of sample were charged in the PhLOC while the silk fibroin pads got wet by capillary pumping of the liquid from the sample. The subsequent color change was registered with a QE Pro Spectrometer (Ocean Optics) using a UV-Vis Deuterium-Halogen Lamp (Ocean Optics) as light source.
Results and Discussion

Analyte Detection and Secondary Reaction
The final deep purple color measured at 545 nm is given by a three steps reaction that involves two enzymes and also the silk fibroin matrix (Figure 1) . First, the glucose is oxidized to gluconolactone by the GOx, generating H2O2 as a byproduct. The HRP reduces then the H2O2 to H2O while oxidizes ABTS, generating a green intermediate (ABTS radical) which is commonly used as the final colorimetric signal. The ABTS radical absorbance spectrum presents four absorbance bans in the visible: one centered at 410 nm and a broad band with three ovelaped contributions at 630, 745 and 820 nm. However, this radical demonstrates capability to react with the tyrosine residues [2] of the silk fibroin, changing completely the absorbance spectrum: all the contributions in the visible disapear and an unique band centered at 545 nm finally remains (Figure 2 ). This last contribution presents the double of absorbance intensity respect to the first initial signal. 
Biosensor Optimization
To obtain an optimum response of the silk fibroin, three ABTS quantities (3, 6 and 9% wt) were crossed with four GOx quantities (0.5, 1, 2 and 3% wt) maintaning the HRP always in a 3:2 w/w relation respect to the GOx. The obtained results indicate that a good sensitivity and linearity are obtained using enzymatic quantities from 1 to 3% wt. However, the amount of ABTS influenced the satruration response (Table 1) , being the maximum quantity (3% wt) which gave the highest value. Nevertheless, for the final biosensor, the conditions of 6% wt of ABTS and 2% wt of GOx were chosen as they offer a good compromise between the quatity of enzymes and mediator needed and the response. Table 1 . Different mediator quantity conditions and response in terms of sensitivity and linearity of the biosensor in case of 2% wt of GOx in the final silk fibroin matrix. (abs (a.u.) [gluc] (mM) −1 )Linearity (R 2 ) 2 3 0.04675 0.85837 2 6 0.089 0.99406 2 9 0.09425 0.99994
GOx (% wt) ABTS (% wt)Sensitivity
Biosensor Durability
In terms of durability, the response of the silk fibroin was monitored in during 7 months without any apararent loss of sensitivity. To follow the sensitivity, three glucose conditions (0, 4 and 8 mM) were measured for triplicate, wetting the pads the pads and transport by diffusion with PBS with those contents of analyte and registering the absorbance at 545 nm.
Whole Blood Analysis
For whole blood analysis, the well constructed in the PMMA structure permitted to the blood liquid fraction of the 4 µL blood sample to wet the functionalized silk fibroin pad, diminishing the interference that would introduce the haemoglobin present in the cell fraction of the samples ( Figure  3) . The glucose present in the spiked blood samples (4, 8 and 12 mM) provoked a proportional color change registered by an absorbance increment at 545 nm. 
Conclusions
In conclusion, a PhLOC is presented, capable of analyse whole blood samples highly removing optical interferences of whole blood by capillary pumping of the liquid fraction of the samples. The sensor presents high durability (7 months) besides good sensitivity (11.9 mM abs.units −1 ), good limit of detection (0.18 mM) and a sufficient limit of quantification (1.44 mM). 
